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 2 
ABSTRACT 21 
 22 
Researchers have suggested that dogs are able to recognise human faces but conclusive evidence has yet to be 23 
found. Experiment 1 of this study investigated if dogs can recognise humans using visual information from the 24 
face/head region, and if this also occurs in conditions of suboptimal visibility of the face. Dogs were presented with 25 
their owner’s and a stranger’s heads, protruding through openings of an apparatus in opposite parts of the experimental 26 
setting. Presentations occurred in conditions of either optimal or suboptimal visibility; the latter featured non-frontal 27 
orientation, uneven illumination and invisibility of outer contours of the heads. Instances where dogs approached their 28 
owners with a higher frequency than predicted by chance were considered evidence of recognition. This occurred only 29 
in the optimal condition. With a similar paradigm, Experiment 2 investigated which of the alterations in visibility that 30 
characterised the suboptimal condition accounted for dogs’ inability to recognise owners. Dogs approached their 31 
owners more frequently than predicted by chance if outer head contours were visible, but not if heads were either 32 
frontally oriented or evenly illuminated. Moreover, male dogs were slightly better at recognition than females. These 33 
findings represent the first clear demonstration that dogs can recognise human faces, and that outer face elements are 34 
crucial for such a task, complementing previous research on human face processing in dogs. Parallels with face 35 
recognition abilities observed in other animal species, as well as with human infants, point to the relevance of these 36 
results from a comparative standpoint. 37 
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 42 
The ability to recognise other individuals is an important part of the life of social animals, and a key question is 43 
what are the features that allow an individual to appropriately identify another one. In animals, recognition relies on 44 
different modalities, ranging from chemosensory (Brennan and Kendrick 2006; Thom and Hurst 2004) to acoustic (Beer 45 
1971; Jouventin and Aubin 2002; Sayigh et al. 1999) and visual cues (Coulon et al. 2009; Parr et al. 2000; Tomonaga et 46 
al. 2015). Humans also rely on different modalities for individual recognition, using such cues as the face, body 47 
configuration, gait, and voice (e.g., Ardila 1993; Barton and Corrow 2016), and combining modalities to maximise 48 
cues’ informative content (Barton and Corrow 2016; Campanella and Belin 2007). Nonetheless, visual information 49 
conveyed by the head region seems to be the most important, and certainly the most studied, set of cues used by humans 50 
for individual recognition (Grüter et al. 2008; Johnston and Edmonds 2009). 51 
The ability to recognise humans is not limited to our own species. There has been considerable interest by 52 
researchers in the recognition of individual humans by an ample range of animal taxa; a non-exhaustive list includes 53 
primates (Adachi and Fujita 2007; Boysen and Berntson 1986; Sliwa et al. 2010), dolphins (Tomonaga et al. 2015), 54 
birds (Lee et al. 2011; Levey et al. 2009; Marzluff et al. 2010; Stephan et al. 2012), octopuses (Anderson et al. 2010) 55 
and even honeybees (Dyer 2005). One class of animals for which human recognition is ecologically important is 56 
domestic animals, and there are studies attempting to demonstrate such abilities in species including sheep (Peirce et al. 57 
2001) and horses (Proops and McComb 2012). Along this line of thought, recognition of human beings is likely to be 58 
particularly relevant for dogs. Arguably, dogs are the species that lives in closest contact with humans, and adaptation 59 
in such contexts certainly requires the ability to identify people. In fact, that dogs do recognise individual humans seems 60 
to be unquestionable. Not only is it part of every owner’s experience, but it is implied in the findings of studies showing 61 
how dogs form stable relationships and express specific behavioural responses towards particular individuals (e.g., 62 
Horn et al. 2013; Merola et al. 2012; Mongillo et al. 2010; Topál et al. 1998).  63 
Although there is still uncertainty about what precise information dogs use to recognise their human companions, 64 
visual cues about the face are perhaps one of the first places to consider. Dogs possess specific cortical areas that 65 
activate when they look at human faces (Cuaya et al. 2016), and are adept at extracting complex information from faces, 66 
such as the emotional content of expressions (Albuquerque et al. 2016; Nagasawa et al. 2011). A study from our own 67 
research group showed that a lack of access to visual information about the head decreases dogs’ attention towards their 68 
owners (Mongillo et al. 2010), supporting the relevance of such information with the goal of recognition. Subsequent 69 
studies looked more specifically at how dogs process visual information about human faces. In principle, dogs can learn 70 
to discriminate single, isolated inner face parts belonging to different people (Pitteri et al. 2014). Despite this ability, 71 
discrimination of whole faces is difficult if only their inner parts are visible (Huber et al. 2013). Moreover, difficulties 72 
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in discriminating inverted and scrambled human faces indicate that face processing relies mainly on configural rather 73 
than part-based elaboration (Pitteri et al. 2014). However, methodological aspects limit the relevance of these findings 74 
in the context of recognition. Indeed, both studies involved an initial conditioned discrimination training, through which 75 
dogs may have learned to rely on some perceptual elements to discriminate between strangers’ and owners’ faces, 76 
without implying recognition of the latter.  77 
More relevant to recognition are studies that measured dogs’ spontaneous looking at face pictures. Adachi et al. 78 
(2007) showed that dogs were surprised (i.e., looked longer than in a control condition) at seeing a picture of their 79 
owner’s face paired with an incongruent reproduction of a stranger’s voice (and vice-versa). The authors interpreted this 80 
as proof that dogs form internal representations of their owner’s face/head, which would be crucial for allowing 81 
recognition. More recently, an eye tracking study showed that dogs presented with pictures of a stranger’s and their 82 
owner’s faces look more frequently at the latter (Somppi et al. 2014), again suggesting that dogs may be identifying 83 
their owner based on visual face/head features. Nonetheless, in the lack of a discrete behavioural response, the evidence 84 
of recognition provided by these studies is inconclusive. Moreover, by only presenting full faces in frontal view, these 85 
studies do not give indications as to which features of the face/head are important for dogs’ ability to recognise humans 86 
and how this may change under less optimal conditions of head visibility. 87 
An additional issue with most studies on dogs’ processing of human faces is the presentation of pictures instead of 88 
live stimuli. Pictures are limited in their potential to reproduce the richness of features conveyed by live stimuli, which 89 
may be important for recognition (e.g., depth, perspective, motion, surface responses to illumination) (Hill et al. 1997). 90 
Also, one cannot take for granted that dogs process images as they would process the actual stimuli that the images 91 
represent. In fact, dogs’ higher difficulty in discriminating face pictures than real faces suggests that the opposite is true 92 
(Huber et al. 2013). Thus, an inherent problem in using pictures in a recognition study is the impossibility of 93 
determining whether the lack of an expected response is attributed to problems of ‘translation’ from the natural stimulus 94 
to its pictorial representation, or the lack of an ability to recognise the stimulus itself. 95 
With this study, we aimed to 1) provide clearer evidence that dogs can recognise humans using visual information 96 
from the face/head region; 2) determine whether recognition is possible even in conditions of suboptimal face visibility, 97 
such as alterations in perspective and illumination, and in the visibility of face parts; and 3) identify which of these 98 
components of visibility is more relevant for recognition. To this end, we used variations of the paradigm used in 99 
captive dolphins by Tomonaga et al. (2015); in our case, dogs were given the possibility to choose whether to approach 100 
their owner or a stranger after viewing both heads, which appeared in two opposite parts of the experimental setting; 101 
instances in which dogs approached their owner were considered evidence of recognition. The rationale for adopting 102 
this procedure was based on two main points. First, by relying on a spontaneous approach response, the paradigm 103 
 5 
allowed us to circumvent the problems of simple association learning that characterised previous face discrimination 104 
studies, while at the same time representing clearer behavioural evidence than that presented by studies based on gaze 105 
analysis. Second, the presentation of live stimuli overcame the problems associated with using photographs, allowing a 106 
more straightforward interpretation of the results and their generalisability to real life situations. 107 
 108 
EXPERIMENT 1 109 
 110 
This experiment was meant to assess dogs’ ability to recognise their owner’s face in conditions of optimal and 111 
suboptimal visibility. Dogs underwent a two-choice task, where they were presented with their owner’s and a stranger’s 112 
faces. In the optimal condition, heads were facing the dog, fully visible, and evenly illuminated; in the suboptimal 113 
condition, we reduced the amount of information that dogs could rely on for recognition by presenting faces in non-114 
frontal orientation, with a strong side illumination, and by impeding viewing of the head’s outer contour. 115 
 116 
Methods 117 
 118 
Subjects 119 
Thirty-two owners (27 women, 5 men; mean age ± SD = 35.5 ± 12.6 years) and their pet dogs (14 males and 18 120 
females; mean age ± SD: 4.1 ± 2.5 years; min: 1 year, max: 13 years) were recruited through advertisements in parks, 121 
veterinary clinics, and in the University of Padua. The criterion for recruitment was that dogs had to be living with their 122 
current owners for at least six months. 123 
 124 
Experimental setup 125 
All tests were performed in a room measuring approximately 5 x 5 m, which housed the test apparatus (Fig. 1). The 126 
apparatus consisted of a plastic panel of 2 m in height and 5 m in width. There were six openings in the apparatus, three 127 
in an upper row and three in a lower row. Each row comprised a central opening and two lateral openings, and the 128 
centre-centre distance between the central and each lateral opening was 1 m. The upper openings measured 20 x 30 cm 129 
and their lower edges were at 1.5 m from ground level. The lower openings measured 50 x 70 cm, and their lower edges 130 
were at ground level. All openings were provided with curtains, which could be easily opened/closed while standing 131 
behind the apparatus itself. Four spotlights were placed around the upper lateral openings, oriented towards the opening 132 
itself; each of the four lights could be turned on/off independently of the others. 133 
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Before the beginning of the experiment, the dog and its owner entered the experimental room, where the 134 
experimenter gave some instructions to the owner. During this time (approximately 5 mins), the dogs were free to 135 
explore the room and get accustomed to the experimental apparatus. Three people were involved in the procedure: the 136 
experimenter, the owner, and a stranger of the same sex as the owner. 137 
 138 
Overview of the experimental procedure 139 
The entire test consisted of an introductory presentation, aimed at familiarising the dog with the experimental 140 
setting, followed by three two-choice presentations (i.e., one for each of the Suboptimal, Optimal, and Control 141 
conditions, described below) in which both the owner and the stranger were present; the order in which the conditions 142 
were presented was randomly determined for each dog, provided that each order was equally represented in the sample. 143 
Likewise, the side on which the owner appeared was randomly determined for each presentation, with the constraint 144 
that the owner could not appear all three times on the same side, and that the left and right sides were equally 145 
represented in the entire dog sample. 146 
To reduce potential carryover effects between the two-choice presentations, each of the presentations was followed 147 
by a central presentation, in which only the owner was present. 148 
 149 
Introductory presentation and central presentations 150 
The aim of the first, introductory presentation was to accustom the dogs to the fact that the owner’s face could 151 
appear in the upper openings and that they could reach the owner through the lower openings. This also provided an 152 
indication of the dog’s motivation to reach the owner. For this presentation, all the apparatus’ openings were covered by 153 
curtains. The owner entered the room first and waited silently behind the apparatus, at its centre. As soon as she/he was 154 
in position, the experimenter entered the room with the dog and stood in front of the apparatus at its centre. When the 155 
dog was sufficiently relaxed and oriented to the apparatus, the experimenter gave a signal (vocal “okay”), the owner 156 
opened the curtains of both the upper and lower openings, in that order, and then protruded his/her face through the 157 
upper opening and called the dog’s name. After 5 seconds, the experimenter released the dog, who could reach the 158 
owner through the lower opening. After a few moments of greeting, the experimenter collected the dog and left the lab. 159 
If the dog did not move after 30 seconds or did not reach the owner, it was excluded from the experiment. The owner 160 
and stranger prepared for the presentations that followed by wearing identical disposable lab suits and shoe covers, 161 
which they kept on until the end of the test.  162 
The central presentations were identical in all respects to the introductory presentation, with the exception that the 163 
owner wore the above-mentioned garments. 164 
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 165 
General procedure for two-choice presentations 166 
The central openings of the apparatus were both closed; the lower lateral openings were open, while the upper ones 167 
were open or closed according to the test condition (detailed below). The owner and stranger entered the room first and 168 
waited silently behind the apparatus, at its centre. The experimenter entered the room while holding the dog, and 169 
positioned it in front of the apparatus. When ready, the experimenter gave a signal (“okay”) and the owner and stranger 170 
moved laterally towards the two sides of the apparatus, in line with the lateral openings. Therefore, dogs could see the 171 
people’s legs, covered by the identical garments and, depending on the test condition, they could or could not see the 172 
people’s heads protruding through the openings. When both people were in position, the experimenter released the dog. 173 
The trial ended when the dog reached one of the two people through the lower opening, or after 30 seconds if the dog 174 
did not move or went somewhere else. If the dog reached the stranger, he/she remained indifferent. If the dog reached 175 
the owner, the latter was instructed to greet the dog. A few moments after the dog had performed its first choice, the 176 
experimenter collected the dog (before it could reach the other person) and both left the room. 177 
 178 
Suboptimal condition 179 
This presentation was intended to mimic naturally occurring conditions of suboptimal visibility of the owner’s face. 180 
In this experiment, these were represented by an uneven illumination, non-frontal orientation, and a lack of visibility of 181 
the outer contour of the head. The upper lateral curtains of the apparatus were open. In addition, on both sides of the 182 
apparatus, one of the four spotlights was turned on. The owner and stranger wore shower caps and, when they reached 183 
the lateral openings, they protruded their heads through them, orienting towards one of four possible directions (i.e., 184 
left, right, up, or down), so that the dogs did not see the people’s faces in plain frontal view. The stranger’s orientation 185 
and spotlight mirrored those of the owner. Which spotlight to turn on, and which orientation the owner and stranger had 186 
to maintain, were randomly chosen for each dog, provided that each spotlight/orientation combination was represented 187 
with equal frequency in the sample. 188 
 189 
Optimal condition  190 
In this presentation, the possibility that dogs recognised their owner’s face was maximised by presenting full heads 191 
in frontal view and evenly illuminated. The upper lateral curtains of the apparatus were open, and, when the owner and 192 
stranger reached such openings, they protruded their heads through them, looking at eye level in the direction of the 193 
dog. The owner and stranger did not wear shower caps and none of the spotlights were turned on, so heads were fully 194 
visible and illuminated by the regular, diffuse illumination of the room. 195 
 8 
 196 
Control  197 
This presentation was intended as a control, to verify that dogs would not use odour cues to identify and reach the 198 
owner. The upper lateral curtains were closed so that when the owner and stranger reached their final positions, the 199 
dogs could see only their legs and feet, which appeared identical due to the presence of the lab suit and the shoe covers. 200 
 201 
Data collection and analysis 202 
All tests were video recorded through CCTV and these videos were used for data collection with Observer XT 203 
software (ver. 11, Noldus, The Netherlands). Data regarding the dogs’ choices on each trial were collected as a binomial 204 
variable, assigning the value of 1 for choosing the owner and 0 for choosing the stranger. Missing values were recorded 205 
for trials where dogs did not choose either the owner or the stranger within the allowed 30 s. Data were collected about 206 
the side of presentation of the owner. A continuous sampling technique was used to collect data about the dogs’ choice 207 
latencies, defined as the time elapsed from the moment the dog was released until it reached the owner or the stranger at 208 
one of the lower openings of the apparatus. The same sampling technique was used to collect data about the dogs’ head 209 
orientations (i.e., right, left, and elsewhere) from the moment the owner and stranger became visible until the moment 210 
of the choice in each trial. Attention data were then used to extract the total duration of attention paid by dogs to the 211 
owners in each trial. Inter-observer reliability was assessed using data collected by a second observer on 100% of the 212 
videos for dogs’ choices and on 30% of the videos for latency and attention parameters. Both observers were blind to 213 
the identity of the two people. Reliability was optimal for dogs’ choices (100% agreement between observers) and very 214 
good for latency (Pearson’s r = 0.95) and attention (r = 0.89). 215 
To verify whether dogs chose their owner or the stranger significantly above chance level in the two-choice 216 
presentations, a binomial test was used to test the null hypothesis that the probability of choosing the owner or the 217 
stranger was significantly different from 0.5 in each of the different conditions. Following this, we used a Generalised 218 
Estimating Equation (GEE) model to assess the role of various factors in the dogs’ probabilities of choosing the owners 219 
in this experiment. Specifically, a binary logistic GEE model was built, using the dogs’ choices as a binomial dependent 220 
variable. Each dog’s unique ID was included in the model as a random term to account for data collected repeatedly 221 
from the same dog. In the model, the following terms were fitted as fixed factors: the condition (Optimal, Suboptimal, 222 
Control), its order of presentation (1st/2nd/3rd), the condition*order interaction, the owner presentation side (right/left), 223 
the dog’s sex (male/female) and, nested within sex, its reproductive status (gonadectomised/non-gonadectomised). Post-224 
hoc contrasts were run between levels of factors for which a significant effect was found, applying a sequential 225 
Bonferroni correction for multiple comparisons.  226 
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A linear GEE was then built to explore the effect on latency and attention of those factors for which a significant 227 
effect on choices had been found in the previous analysis. In building the models, the latter terms were included as fixed 228 
factors, with the dog’s ID as a random factor. Separate models were built for choice latency and for the total duration of 229 
attention to the owner, which were defined in the model as linear dependent variables. 230 
Statistical analysis was performed with SPSS (ver. 22, IBM, Armonk, NY, USA), setting the level of statistical 231 
significance at 0.05. 232 
 233 
Results 234 
 235 
In the introductory and central presentations, all dogs reached their owners with no hesitation. Table 1 summarises 236 
the frequency of dogs’ choices of the owner and stranger in the three two-choice presentations of Experiment 1. Only in 237 
the Optimal condition did dogs choose the owner significantly above chance level (P = 0.008), whereas choices were 238 
not different from chance in both the Control (P = 0.44) and Suboptimal conditions (P = 0.69).  239 
 240 
Table 1 Frequency of choices of the owner, stranger, and of no choices in the Optimal, Suboptimal and Control 241 
conditions of Experiment 1 242 
Condition Owner Stranger No choice 
Optimal 22 7 3 
Control 16 11 5 
Suboptimal 14 11 7 
 243 
Results of the GEE are summarised in Table 2. Significant differences were found in line with the results of the 244 
Binomial tests, where a higher probability of choosing the owner was found in the Optimal condition (lower – upper 245 
95% C.I. = 0.58-0.93) than in the Suboptimal (lower – upper 95% C.I. = 0.23-0.61; P = 0.008) and in the Control 246 
conditions (lower – upper 95% C.I. = 0.39-0.78; P = 0.022). No difference was found between the Suboptimal and 247 
Control conditions (P = 0.173). 248 
 249 
Table 2 Results of the Generalised Estimating Equation model, indicating the effect of the condition, its order of 250 
presentation, the dog’s sex and the owner side of presentation, on dogs’ probability of choosing the owner in the 251 
two-choice presentations of Experiment 1; df = degrees of freedom 252 
Factor Wald X2 df P 
Condition 8.304 2 0.016 
 10 
Order 0.087 2 0.957 
Dog’s sex 0.381 1 0.537 
Owner’s side 0.146 1 0.702 
Condition*Order 4.028 4 0.402 
Reproductive Status (sex) 5.777 2 0.056 
 253 
A significant effect of condition was also found for dogs’ latencies (Wald X2 = 7.28, P = 0.026), although post-hoc 254 
comparisons only suggested a tendency for shorter latencies in the Control condition (mean ± SE = 3.0 ± 0.5 s) 255 
compared with both the Optimal (mean ± SE = 7.1 ± 1.8 s; P = 0.080) and the Suboptimal conditions (mean ± SE = 5.9 256 
± 1.5; P = 0.080), and no difference between the latter two (P = 0.55). For attention parameters, dogs looked at their 257 
owners for 4.8 ± 5.2 s and the stranger for 3.8 ± 4.6 s (mean ± SD for all conditions). Only a non-significant effect of 258 
condition was found on dogs’ attention to their owners (Wald X22 = 5.83, P = 0.056) and to the stranger (Wald X2 = 259 
5.45, P = 0.065). 260 
 261 
Discussion 262 
 263 
When people’s heads were presented in suboptimal viewing conditions (i.e., they were not frontally oriented, had a 264 
strong side illumination, and their outer contour was not visible), just above half of the dogs approached their owner 265 
instead of the stranger, no more than what would be expected by chance. In other words, visual information available to 266 
dogs in the suboptimal condition was not sufficient to allow recognition of their owners. 267 
Dogs’ responses in the Optimal and Control conditions provided important elements to substantiate the validity of 268 
the procedure. On the one hand, the probability of approaching the owner was at chance level when dogs could not see 269 
the people’s faces at all before choosing (Control condition). In this condition, dogs could have used only olfactory cues 270 
to recognise their owners, yet they did not seem to rely on this type of information. While we did not collect these data, 271 
the dogs’ behaviours in the task made it clear that they did not try to detect odours prior to making a choice (i.e., no 272 
hesitation and no obvious ‘sniffing’ behaviour was seen). Although this may seem surprising, given the limited cost 273 
associated with a wrong choice, approaching and checking could have been a more efficient (affordable/faster) option 274 
than trying to locate the owner’s odour, in the lack of sufficient visual cues. Indeed, the dogs’ choice latencies in this 275 
condition were shorter than in the other conditions – if only as a non-significant tendency. 276 
On the other hand, when dogs had full access to visual information about the people’s heads (Optimal condition), 277 
most of the subjects went straight to their owner; only in this condition did the probability that dogs chose their owners 278 
lie above that expected by chance. This finding provides support for the paradigm as it conforms to the assumption that 279 
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dogs would be motivated to reunite with their owners upon brief separation, which they could only do if they 280 
recognised them by looking at their heads’ visual features. On the basis of these findings, a further experiment was 281 
planned to investigate the relative importance of the manipulations that impeded recognition in the Suboptimal 282 
condition of Experiment 1. 283 
 284 
EXPERIMENT 2 285 
 286 
The results of Experiment 1 demonstrated that the dogs were unable to recognise their owners as they appeared in 287 
the Suboptimal condition (i.e., with a shower cap, a strong uneven illumination, and a non-frontal orientation). 288 
Therefore, we devised a second experiment aimed at determining whether one of these manipulations could singly 289 
account for the dogs’ failures in recognising their owners. The general procedure was identical to that of Experiment 1, 290 
but in the two-choice presentations, we systematically varied the appearance of the owner and of the stranger by 291 
removing one of the three manipulations that characterised the test conditions of the previous experiment. 292 
 293 
Methods 294 
 295 
Subjects 296 
The subjects were 32 dogs (13 males and 19 females; mean age ± SD = 4.7 ± 3.6 years; min-max: 1-10 years) with 297 
their owners (28 women, 4 men; mean age ± SD = 31.0 ± 9.9 years). The criterion for recruitment was the same as in 298 
Experiment 1. None of the dogs or owners who had taken part in Experiment 1 took part in Experiment 2. 299 
 300 
Experimental procedure 301 
The general procedure was the same as in Experiment 1. However, the three two-choice presentations represented 302 
variations of the Suboptimal condition of Experiment 1, in which: 1) the owner and the stranger did not wear the shower 303 
cap (NoCap condition); 2) the spotlights were turned off (NoLight condition); or 3) the owner and stranger were 304 
frontally oriented towards the dog (FrontalFace condition). The order in which these Suboptimal conditions were 305 
presented was randomly determined for each dog, provided that each order was equally represented in the sample. 306 
 307 
Data collection and analysis 308 
Data collection and analysis were in all respects identical to that of Experiment 1, with the difference that the three 309 
levels of the condition factor used for the GEE were NoCap, NoLight, and FrontalFace. 310 
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 311 
Results 312 
 313 
In all the introductory and central presentations, all dogs reached their owners with no hesitation. Table 3 314 
summarises the frequencies of dogs’ choices of the owner and stranger in the three two-choice presentations of 315 
Experiment 2. Dogs chose their owners above chance level only in the NoCap condition (P = 0.011), while choices 316 
were at chance level in both the NoLight (P = 0.85) and the FrontalFace conditions (P = 0.37).  317 
 318 
Table 3 Frequency of choices of the owner, stranger and of no choices in the NoCap, NoLight and FrontalFace 319 
conditions of Experiment 2. 320 
Condition Owner Stranger No choice 
NoCap 23 8 1 
NoLight 16 14 2 
FrontalFace 19 13 0 
 321 
Table 4 summarises the results of the GEE, indicating the effect of factors influencing the dogs’ choices of the 322 
owners. There was a significant effect of the dog’s sex, with males showing a higher probability than females of 323 
choosing their owners (lower-upper 95% C.I.= males: 0.60-0.83, females: 0.35-0.67; P = 0.021). There was also a 324 
significant interaction between Condition and Order of presentation, and post-hoc comparisons evidenced a 325 
significantly higher probability that dogs chose the owner in the NoCap than in the NoLight condition, when each was 326 
presented as first presentation (P = 0.044); all other comparisons were non-significant. Fig. 2 shows the frequencies of 327 
owners’ choices in the three conditions, when presented as 1st, 2nd or 3rd presentations. 328 
 329 
Table 4 Results of the Generalised Estimating Equation model, indicating the effect of the condition, its order of 330 
presentation, the dog’s sex and the owner side of presentation, on dogs’ probability of choosing the owner, considering 331 
all two-choice presentations or only 1st presentations of Experiment 2; df = degrees of freedom 332 
Presentations Factor Wald  X2 df P 
All presentations Condition 3.441 2 0.179 
 Order 0.341 2 0.843 
 Dog’s sex 5.230 1 0.022 
 Owner’s side 0.007 1 0.935 
 Condition*Order 11.16 4 0.025 
 ReproductiveStatus(Sex) 0.937 2 0.626 
 13 
Only 1st presentation Condition 6.220 2 0.045 
 Dog’s sex 0.636 1 0.256 
 Owner’s side 1.292 1 0.425 
 333 
To avoid this effect of the order of presentation, we repeated the analysis using only data from the 1st presentation. 334 
The binomial test still indicated the NoCap condition as the only one in which dogs chose the owner above chance level 335 
(P = 0.012), whereas choices were at chance levels for the NoLight (P = 1.00) and the FrontalFace (P = 1.00) 336 
conditions. The GEE model indicated a significant effect of the condition (Table 4), with the probability of the dogs 337 
choosing their owners being higher in the NoCap (lower-upper 95% C.I. = 0.63-0.99) than in the NoLight condition 338 
(lower-upper 95% C.I. = 0.19-0.68; P = 0.002), and no difference between the FrontalFace (lower-upper 95% C.I. = 339 
0.11-0.89) and either the NoCap (P = 0.268) or the NoLight (P = 0.807) conditions. 340 
The mean ± SD choice latency, averaged across all conditions but only taking into account first presentations, was 341 
5.0 ± 5.9 s. No effect of condition was found for choice latency (Wald X2 = 5.35; P = 0.069). As for attention, dogs 342 
looked at their owners for a mean ± SD of 5.2 ± 7.4 s and at the stranger for 3.2 ± 3.8 s. No effect of condition was 343 
found on dogs’ attention to the owners (Wald X22 = 4.99; P = 0.082) or to the stranger (Wald X2 = 2.11; P = 0.347). 344 
 345 
Discussion 346 
 347 
The majority of dogs expressed an approach response towards their owners only when the owner and stranger did 348 
not wear a shower cap, while their heads were still facing away from the dog and were illuminated by a strong spotlight. 349 
This indicates that visibility of the outer face elements is crucial for the task of recognition, at least in the conditions of 350 
visibility tested by our experiment. However, the lack of significant differences in the probability of choosing the owner 351 
between the FrontalFace and the NoCap conditions suggests that perspective may also play a role in facilitating 352 
recognition.  353 
In this experiment, we observed an effect of the order of presentations, which is not easy to interpret. By looking at 354 
the dogs’ responses across presentations, there seems to be a trend towards an increased ability of dogs to rely on 355 
frontal vision, and, to a lesser extent, on evenly illuminated heads. This could represent an exposure effect, by which 356 
dogs learned across repeated presentations to use information they had previously attended to. The same effect could 357 
not be seen in Experiment 1, as all the manipulations were present at once, or the head was not visible at all. By 358 
contrast, dogs seemed unable to rely on the visibility of the outer elements of the head, if this occurred as the last 359 
presentation. However, these dogs may have been confused by the previous two presentations, which were evidently 360 
more difficult. It is impossible with our data to provide more insight into these results, and we should keep this 361 
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interpretation as non-conclusive. It is however worth noting that the overall pattern of results regarding the proportion 362 
of dogs who chose the owner in each of the three conditions was similar regardless of whether only the first 363 
presentation was considered or all of them.  364 
 365 
GENERAL DISCUSSION 366 
 367 
This study provides the first demonstration that dogs can recognise known humans by looking at their face/head 368 
features, without being specifically trained for this (as in Huber et al. 2013). While such abilities have been hinted at by 369 
previous reports of quantitative differences in gazing towards face pictures (Adachi et al. 2007; Somppi et al. 2014), we 370 
provide more robust support for this claim by observing an active approach response upon the live presentation of 371 
visual cues, i.e., the owner’s and a stranger’s heads protruding through openings of the test apparatus and facing 372 
towards the dog. 373 
At the same time, our findings show that dogs cannot recognise human faces in suboptimal conditions of visibility, 374 
represented by a non-frontal orientation, uneven illumination, and invisibility of head contour. Alternative explanations 375 
could have accounted for the lack of approach to the owner in these circumstances. For instance, dogs may have learned 376 
from past experience to approach their owner only when the latter was oriented towards them, implying they may have 377 
recognised their owner, but refrained from approaching because she/he was oriented elsewhere. If this was the case, 378 
however, we would have expected dogs to not choose, rather than choosing the stranger; moreover, the lack of a 379 
significant approach response when the owner was frontally oriented in Experiment 2 contributes to our excluding this 380 
as a reasonable explanation. 381 
Which factors accounted for dogs’ inability to recognise the owner was explored in a second experiment, and 382 
showed that dogs approached their owners even if heads were non-frontally oriented and unevenly illuminated, 383 
provided that the head contour was visible. This result has various facets: one relates to the relevance of outer face 384 
elements, the others to the relatively lesser importance of viewpoint and illumination.  385 
The crucial role of outer face elements pointed out by this study is in good agreement with a previously reported 386 
difficulty encountered by dogs to rely exclusively on the inner parts of the face when learning to discriminate humans 387 
(Huber et al. 2013). Of relevance, lack of visual access to the head contour also disrupts the ability to discriminate faces 388 
in sheep (Peirce et al. 2001) and baboons (Martin-Malivel and Fagot 2001), and – while not explicitly addressed by the 389 
authors – it could have accounted for the poor performance of captive dolphins in recognising their habitual trainers, 390 
who wore hats (Tomonaga et al. 2015). Outer elements also prevail over inner parts in determining human infants’ 391 
ability to recognise their mothers’ faces (Turati et al. 2006). Different hypotheses may contribute towards explaining the 392 
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relevance of outer face elements for dogs’ ability to recognise humans. On the one hand, perceptual features of the head 393 
contour – colour, shape, texture – may be more salient for dogs than other face parts, making them a more reliable cue 394 
for recognition. A related hypothesis is that the same perceptual features are a good match for the functional 395 
characteristics of the visual system of dogs, an idea that was suggested for infants' reliance on outer face elements for 396 
face recognition (Turati et al. 2006). In this sense, for instance, dogs’ low cones/rods retinal ratio (Miller and Murphy 397 
1995; Peichl 1992), by favouring the detection of shapes rather than fine details, could justify the salience of the head 398 
contour with the goal of recognition. On the other hand, discrimination of human faces by dogs requires elaboration of 399 
configural information (Pitteri et al. 2014) and it is possible that similar processing is needed for recognition. In this 400 
sense, perception of the outer face elements may be necessary in order to allow a proper configural processing of human 401 
faces. In fact, our findings do not deny that a relevant role could also be played by inner face parts. The latter were still 402 
visible to some extent in all the conditions of the present experiment, implying they could have been a necessary 403 
complement to outer face parts in order to recognise the owner, but insufficient per se to recognise her/him if outer 404 
parts were not visible. 405 
Results of our second experiment also have implications regarding the role of viewpoint and illumination. On the 406 
one hand, recognition of the owner when heads were fully visible but unevenly illuminated and oriented elsewhere, 407 
demonstrates that dogs’ representations of their owners’ heads are resilient to changes in illumination and viewpoint, at 408 
least to the extent tested by our procedure. However, the probability of choosing the owner when faces were frontally 409 
oriented was not significantly different from when outer head parts were visible, suggesting that a frontal viewpoint 410 
may also play a role in facilitating recognition. Most likely, this relates to the optimal visibility of the inner face parts 411 
permitted by this condition, with implications that have been discussed earlier. Interestingly, face recognition by 412 
humans is relatively unaffected by changes in perspective (Troje and Kersten 1999) and even new-borns are able to 413 
recognise known faces across frontal and ¾ face orientations (Turati et al. 2008). On the contrary, changes in 414 
illumination have a great impact on recognition in humans (Braje et al. 1998), but were relatively unimportant for our 415 
dogs. Although methodological differences do not allow for a complete comparison between species, one possibility is 416 
that differences in brightness sensitivity between the visual system of dogs and humans (Miller and Murphy 1995; 417 
Pretterer and Bubna-Littitz 2004) accounted for dogs’ limited sensitivity to changes in illumination in this context. 418 
An additional finding of this study was an effect of sex on dogs’ probability to recognise the owner in the second 419 
experiment, whereby males were slightly better than females, regardless of the test condition. Although the result needs 420 
further confirmation – the effect of sex disappeared if only considering first presentations – an interesting parallel exists 421 
with human infants, where a male advantage in face recognition has been described. The latter was attributed to a 422 
male’s propensity to gaze at both the inner and the outer face parts, as opposed to females’ reliance on inner face parts 423 
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(Rennels and Cummings 2013). A similar mechanism could also account for the better performance of our male dogs: 424 
using multiple possible sources of information likely increased the probability of recognising the owner across all the 425 
different test conditions, in each of which only partial information was available. The lack of a corresponding sex effect 426 
in Experiment 1 could be explained by the fact that, in the different conditions of the experiment, the amount of 427 
available information was either too large or too little to be affected by a supposed ability to use multiple sources of 428 
information. 429 
 430 
Conclusions 431 
This study represents the first clear demonstration that dogs use visual information from the region of the head to 432 
recognise humans, and that this ability crucially relies on the visibility of the outer face elements, with progressively 433 
lesser roles played respectively by viewpoint and illumination. Further studies are needed to elucidate the relative 434 
importance of other cues for the recognition of humans, such as body configuration and gait. Equally important would 435 
be to investigate the role of other modalities, including vocalisation and odours, especially in view of dogs’ apparent 436 
obliviousness to olfactory cues observed in our study. 437 
This study complements previous research on the mechanisms of face processing in dogs, but also highlights 438 
similarities with other domestic and wild species and with humans, and of particular interest are the parallels with 439 
factors mediating face recognition in human new-borns. Comparative data may help shed light on common 440 
neurobiological mechanisms as well as on ecological and evolutionary aspects of the recognition of human faces.  441 
Finally, these results may also have an applied value, as awareness by owners and dog professionals about factors 442 
mediating human recognition could help towards adaptation of dogs in our complex societies or the acquisition of 443 
desirable working skills. 444 
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Fig. 1 Photograph of the experimental setting from the dog’s point of view, during a Suboptimal presentation of 552 
Experiment 1. 553 
 554 
Fig. 2 Frequency of owner choices in the three conditions of Experiment 2 (NoCap, NoLight, FrontalFace), when each 555 
condition was presented as 1st, 2nd and 3rd presentation. The frequency is expressed as a percentage of valid trials, i.e., 556 
excluding trials in which dogs did not choose either the owner or the stranger within 30 s of their release 557 
 558 
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